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We highlight the differences of the dark matter sector between the constrained minimal supersymmetric 
SM (CMSSM) and the next-to-minimal supersymmetric SM (NMSSM) including the 126 GeV Higgs boson 
using GUT scale parameters. In the dark matter sector the two models are quite orthogonal: in the 
CMSSM the WIMP is largely a bino and requires large masses from the LHC constraints. In the NMSSM 
the WIMP has a large singlino component and is therefore independent of the LHC SUSY mass limits. 
The light NMSSM neutralino mass range is of interest for the hints concerning light WIMPs in the Fermi 
data. Such low mass WIMPs cannot be explained in the CMSSM. Furthermore, prospects for discovery of 
XENON1T and LHC at 14 TeV are given.
© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/3.0/). Funded by SCOAP3.1. Introduction
Within Supersymmetry (SUSY) [1–3], a light Higgs boson be-
low 135 GeV is predicted, so the discovery of a Higgs-like boson 
with a mass of 126 GeV [4,5] strongly supports SUSY despite the 
fact that no SUSY particle has been found so far. However, the 
precise value of the Higgs mass depends on radiative corrections. 
To include the radiative corrections between the GUT scale and the 
electroweak scale we use the constrained supersymmetric models, 
which assume uniﬁcation of the gauge couplings and uniﬁcation of 
the SUSY masses at the GUT scale. Within the constrained minimal 
supersymmetric standard model (CMSSM) [6] a 126 GeV Higgs bo-
son is only possible for stop masses above 1 TeV, see e.g. [7–10]
and references therein. However, a 126 GeV Higgs boson is easily 
obtained in the semi-constrained next-to-minimal supersymmetric 
standard model (NMSSM) [11] for small and moderate stop masses, 
because the mixing with the additional Higgs singlet increases the 
Higgs mass at tree level [12–19]. The additional terms at tree level 
are only signiﬁcant if both new couplings in the NMSSM Higgs 
sector λ and κ are signiﬁcant. This is not possible in the con-
strained NMSSM (CNMSSM), which favors small values for λ → 0, 
see e.g. Ref. [20]. Furthermore κ is not an independent free param-
eter in the CNMSSM and becomes small as well. In this case the 
CNMSSM and CMSSM are degenerate for the SUSY sector. In the 
semi-constrained NMSSM the couplings λ and κ are independent 
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SCOAP3.and free parameters. The semi-constrained NMSSM implies non-
universal masses of the neutral Higgs doublets at the GUT scale, 
as it is the case in the non-universal Higgs model (NUHM), which 
can be considered an extension of the CMSSM with non-universal 
Higgs masses. However, since the NUHM and CMSSM are only dif-
ferent in a small region of parameter space [8], we only consider 
the CMSSM.
In both, the CMSSM and NMSSM, the lightest neutralino has all 
the properties of dark matter (DM) particles [21], if DM is made up 
of WIMPs (Weakly Interacting Massive Particles). Compared to the 
CMSSM the lightest neutralino has a strong singlino component 
in the NMSSM, which changes its properties. Especially low WIMP 
masses are now allowed in contrast to the CMSSM, where its mass 
is related to other SUSY masses and LHC limits on gluinos require 
WIMP masses above 180 GeV. So hints for 30 GeV WIMP masses 
in the Fermi data [22] would ﬁnd no explanation in the CMSSM, 
but could be allowed in the NMSSM.
In this Letter we study the differences in the neutralino sector 
(e.g. mass ranges and scattering cross sections) considering the al-
lowed parameter space of both models. After a short summary of 
the neutralino sector in the CMSSM and NMSSM we discuss global 
ﬁts to all available data for both models. We conclude by giving 
future prospects for the discovery reach from direct dark matter 
searches with XENON1T and the LHC at 14 TeV.
2. Neutralino sector of the CMSSM and NMSSM
The NMSSM distinguishes itself from the CMSSM by an ad-
ditional Higgs singlet in addition to the usual two doublets.  under the CC BY license (http://creativecommons.org/licenses/by/3.0/). Funded by 
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List of all constraints used in the ﬁt to determine the excluded region of the CMSSM 
and NMSSM parameter space.
No. Constraint Data Refs.
1 b → Xsγ (3.55± 0.24) · 10−4 [28]
2 Bu → τν (1.68± 0.31) · 10−4 [28]
3 aμ (302 ± 63(exp) ± 61(theo)) · 10−11 [29]
4 B0s → μ+μ− (2.9± 1.1) · 10−9 [30,31]
5 mA mA > 480 GeV for tanβ ≈ 50 [32,33]
6 LEP ξ2 < 0.003− 1 [34]
7 Ωh2 0.1199± 0.002 [35]
8 mh (126± 2) GeV [4,5]
9 ATLAS σ SUSYhad < 0.001 pb [36,37]
10 LUX σχN < 1 · 10−9 − 5 · 10−9 pb [38]
The superpartner of the Higgs singlet, the singlino, mixes with the 
gauginos and Higgsinos. The resulting mixing matrix reads [11,23]:
M0 =
⎛
⎜⎜⎜⎜⎜⎜⎜⎝
M1 0 − g1vd√2
g1vu√
2
0
0 M2
g2vd√
2
− g2vu√
2
0
− g1vd√
2
g2vd√
2
0 −μeff −λvu
g1vu√
2
− g2vu√
2
−μeff 0 −λvd
0 0 −λvu −λvd 2κs + μ′
⎞
⎟⎟⎟⎟⎟⎟⎟⎠
(1)
where M1 and M2 are the gaugino masses of the SU(2) × U (1)
group with the gauge couplings g1, g2 and the Higgs mixing pa-
rameter μeff. The couplings λ and κ describe the coupling with 
the Higgs singlet s: λ is the coupling of the Higgs doublets with 
the singlet and κ describes the singlet self interaction. Further-
more, the vacuum expectation values of the two Higgs doublets vd , 
vu and the singlet s enter the neutralino mass matrix. The term μ′
in the last diagonal element appears in the general NMSSM only 
and is set to zero for this analysis. The ﬁrst 4 × 4 elements of the 
neutralino mixing matrix correspond to the MSSM neutralino mass 
matrix, see e.g. Ref. [1]. To obtain the mass eigenstates the mass 
matrices have to be diagonalized. Typically the diagonal elements 
in Eq. (1) dominate over the off-diagonal terms, so the neutralino 
masses are of the order of M1, M2, the Higgs mixing parameter 
μeff and in case of the NMSSM 2κs.
3. Results for the neutralino sector from the global ﬁts
To determine the allowed values of all parameters we perform 
global ﬁts to all available data given in Table 1. All NMSSM/CMSSM 
observables have been calculated with the publicly available soft-
ware package NMSSMTools_4.1.1 [24], which has an interface to the 
micrOMEGAs_3.6.7 package for calculating the relic density and the 
WIMP cross sections [25]. We apply our multi-step ﬁtting method 
to cope with the strong correlations of the CMSSM and NMSSM 
parameters. Details can be found in Refs. [7] and [18]. In the ﬁrst 
step we ﬁx the common masses for the spin 0 and spin 1/2 parti-
cles at the GUT scale (m0 and m1/2) and then perform the ﬁts for 
all possible pairs of m0–m1/2 in the range between 100 GeV and 
3(1.5) TeV for the CMSSM(NMSSM). The ﬁts minimize the χ2 func-
tion to restrict the remaining parameters (2 in the CMSSM, 7 in the 
NMSSM). The two main constraints are coming from the limit on 
the gluino and squark masses of the order of 1 TeV and the Higgs 
mass of 126 GeV in combination with the ﬁrst seven constraints 
from Table 1. The exclusion contours can either be given in the 
m0–m1/2 plane (see e.g. Ref. [18]) or in the squark–gluino mass 
plane, as shown in Fig. 1.A Higgs mass of 126 GeV1 requires squark masses above 
1200 GeV, as shown by the solid (white) line in Fig. 1a. These 
are the squark masses of the ﬁrst and second generation. The third 
generation squarks are usually lighter. The lightest one depends on 
the splitting between the stops. However, this splitting is restricted 
by the other constraints especially B0s → μ+μ− is important 
here [26]. Combined with the other constraints the stop masses are 
typically 200 GeV below the masses of the ﬁrst and second gener-
ation. If one requires in addition the relic density to correspond to 
the lightest neutralino relic density one obtains the dotted (white) 
line. If the other constraints of Table 1 are required as well, one 
obtains the dark (red) region. Here the B0s → μ+μ− constraint re-
quires heavy SUSY masses since the CMSSM requires tanβ ≈ 50
from the relic density constraint [27] and B0s → μ+μ− ≈ tan6 β , 
so a strong suppression by heavy, almost degenerate stop masses 
is needed. The light grey region is not allowed in both constrained 
models since from the radiative corrections the gluinos have to be 
heavier than the squarks.
The dark (red) region in Fig. 1b corresponds to the 95% C.L. ex-
clusion region in the NMSSM, which originates mainly from the 
LHC SUSY searches at a center-of-mass energy of 8 TeV and an 
integrated luminosity of 20.1 fb−1. Other constraints of Table 1
do not play a role, since stop masses well below 1 TeV are al-
lowed and B-physics constraints are automatically fulﬁlled because 
of small tanβ values. The dotted (red) line in the top right corners 
represent the extrapolation of the SUSY searches to 14 TeV and 
3000 fb−1, which will be discussed in more detail in Section 3.2. 
In the following, we will concentrate on the neutralino masses in 
the allowed region of parameter space.
Since we use GUT scale input parameters, the mass spectrum 
at the low mass SUSY scales is calculated via the renormalization 
group equations (RGEs), so the masses are correlated. The gaugino 
masses are proportional to m1/2 [1–3]:
M1 ≈ 0.4m1/2, M2 ≈ 0.8m1/2, M3 ≈ Mg˜ ≈ 2.7m1/2. (2)
Here we have included M3, the gluino mass parameter of the 
SU(3) group. In the CMSSM the value of the Higgs mixing param-
eter μ is given by electroweak symmetry breaking, which leads to 
μ > m1/2, so typically M1 < μ, which implies from Eq. (1) that 
in the CMSSM the lightest neutralino is usually bino-like with a 
mass approximately 0.4m1/2. The 126 GeV Higgs mass requires 
heavy stop masses, which can be obtained for large values of m0
and/or m1/2. Scenarios with large m0 and low m1/2 are excluded 
by the direct dark matter searches [7], so the combination of the 
Higgs mass and direct searches leads to a lower limit on m1/2, 
which leads to a lower limit of 180 GeV on the lightest neutralino 
in the CMSSM. The neutralino mass eigenstates are obtained from 
the diagonalization of M0 in Eq. (1) and are linear combinations 
of the gaugino and Higgsino states:
χ0i = M˜0(i,1)|B˜〉 + M˜0(i,2)
∣∣W˜ 0〉+ M˜0(i,3)∣∣H˜01〉
+ M˜0(i,4)
∣∣H˜02〉+ M˜0(i,5)| S˜〉. (3)
The coeﬃcients M˜0(i, j)2 are plotted in Fig. 2a for each of the 
four CMSSM neutralinos and in Fig. 2b for the ﬁve neutralinos of 
the NMSSM for typical mass points.2
1 Recent results from the summer conferences present an averaged mass for the 
Higgs boson of about 125.2 GeV. The down-shift of the mass by approximately 
1 GeV can be easily compensated by slightly different values of the free parame-
ters, which leads to the same conclusions.
2 In Fig. 2a we use: m0 = 2500 GeV, m1/2 = 2375 GeV, A0 = −4999 GeV, 
tanβ = 48.1, sign μ > 0. In Fig. 2b we use: m0 = 2450 GeV, m1/2 = 550 GeV, 
A0 = −1842 GeV, tanβ = 4.17, Aκ = 2486 GeV, Aλ = 1754 GeV, κ = 0.09, λ = 0.68, 
μeff = 229 GeV.
C. Beskidt et al. / Physics Letters B 738 (2014) 505–511 507Fig. 1. (a): The CMSSM excluded region at 95% C.L. from all constraints in Table 1 in the squark–gluino mass plane. For the squark mass the averaged value of the two ﬁrst 
generations was used. The solid (white) line in the left bottom corner corresponds to the 95% C.L. exclusion contour obtained by only requiring a Higgs boson of 126 GeV 
and the dotted (white) line by the combination of a Higgs boson and the relic density constraint. (b): The NMSSM excluded region at 95% C.L. from LHC SUSY searches at 
8 TeV and 20.1 fb−1. The other constraints from Table 1 do not inﬂuence the excluded region. The extrapolation of these searches to 14 TeV and 3000 fb−1 is represented by 
the dotted (red) lines in the top corners. The light (grey) regions are not allowed in constrained models.
Fig. 2. The neutralino content for typical points in parameter space for the CMSSM (a) and NMSSM (b). The neutralino mixing matrix elements squared are indicated by the 
different colors going from white, light grey (grey), medium grey (light blue), grey (dark blue) and dark grey (red) for B˜ , W˜ 0, H˜01 , H˜
0
2 and S˜ , respectively. The neutralino 
masses are given by the numbers in GeV below the bars of the mixing content. Within the CMSSM the lightest neutralino is almost a pure bino and heavy in contrast to the 
light, singlino-like WIMP in the NMSSM.One observes that in the CMSSM (NMSSM) the lightest neu-
tralino is largely a bino (singlino). We ﬁrst discuss the NMSSM 
case. The vacuum expectation value of the Higgs singlet 〈s〉 is usu-
ally taken to be of the order of the electroweak scale:
μeff = λ〈s〉, (4)
where λ is the coupling of the Higgs doublets with the singlet. 
Since the vev of the singlet 〈s〉 is typically of the order of the 
electroweak scale, the element M(5, 5) in Eq. (1) is the lightest 
element. In this case the lightest neutralino is singlino-like with 
a mass independent of m1/2, so neither the mass limits from the 
LHC SUSY searches nor the Higgs mass affect the WIMP mass.
Since we do not have constraints on 〈s〉, one can choose it to 
be heavy as well. If chosen above M1 in the mass matrix of Eq. (1)
the lightest neutralino is not the singlino anymore, but it becomes 
bino-like, like in the CMSSM, as shown in Fig. 2a. However, this is 
only allowed in the semi-constrained NMSSM in a very restricted 
region of parameter space, namely if the lightest Higgs has SM-like 
couplings. In most cases the second-lightest Higgs has SM cou-
plings. To obtain the reverse, i.e. the lightest Higgs boson has SM 
couplings requires a strong ﬁne tuning of the rather large trilin-
ear couplings as discussed in [18]. So in practically all regions of 
parameter space of the NMSSM (CMSSM) the LSP is singlino-like 
(bino-like).
We calculated the possible spin-independent (SI) WIMP–
nucleon cross section and the corresponding neutralino mass for allowed points in the parameter space, both for the CMSSM and 
NMSSM. The results are shown in Fig. 3 by the shaded (colored) 
regions. In the NMSSM the mass of the lightest neutralino is in-
dependent on m0 and m1/2, so the allowed regions in Fig. 3b are 
generated for m0 =m1/2 = 2000 GeV. The allowed regions are fur-
ther divided into regions which have
• mh = (126 ± 2) GeV (dark (green) region)
• mh and Ωh2 = 0.1199 ± 0.0139 (medium (green) region)
• mh , Ωh2 and the remaining constraints in Table 1 except the 
LUX limit (light (green) region)
at 95% C.L. As shown in Fig. 3, a large region is already excluded 
by the direct dark matter searches from LUX (above the solid (red) 
line), which will be discussed in more detail in Section 3.1.
In the CMSSM the WIMP mass can reach large values, since 
mWIMP ∝ m1/2. The lower limit on the WIMP mass in the CMSSM 
is given by the LEP limit on the chargino mass [39]. The Higgs con-
straint reduces the allowed parameter space only slightly as shown 
by the dark (green) region. Adding the dark matter constraint nar-
rows the allowed range of σSI (medium green). Adding all other 
constraints requires in addition heavy SUSY masses, mainly be-
cause B0s → μ+μ− needs a suppression by heavy SUSY masses, 
as discussed before, which leads to a lower limit on the neutralino 
mass of about 360 GeV.
508 C. Beskidt et al. / Physics Letters B 738 (2014) 505–511Fig. 3. The allowed region in the (SI) WIMP–nucleon cross section versus WIMP mass plane after different constraints, as indicated in the legend below the ﬁgures, for the 
CMSSM (a) and NMSSM (b), respectively. All constraints means the constraints 1–9 in Table 1. The LUX constraint No. 10 is indicated by the solid (red) line. Since in the 
NMSSM the WIMP mass is independent of the SUSY masses, the allowed regions are shown for a ﬁxed mass point for (b), while the regions in (a) include a scan over all 
mass points.In the NMSSM the singlino-like neutralino ranges from 20 to 
1000 GeV. The lower limit results from the fact, that μeff cannot 
be arbitrary small, otherwise the lightest Higgs mass squared is 
getting negative. High WIMP values can only be obtained, if all 
diagonal elements in Eq. (1) are large, which requires 2κs to be 
chosen large. The whole WIMP mass range is compatible with the 
combination of all constraints.3 The LUX experiment limits the al-
lowed cross section σSI to values below 10−8 pb for both models.
3.1. WIMP–nucleon cross section in the NMSSM
To detect dark matter in direct DM searches one has to measure 
the recoil of a WIMP scatter on a nucleus. Several experiments try 
to measure these rare events, but no dark matter particle has been 
detected so far. The best limit for the spin-independent (SI) WIMP–
nucleon cross section is given so far by the LUX experiment [38], 
but other experiments give low limits as well [40–43]. They ex-
clude discovery claims by DAMA/LIBRA [44] and CoGeNT [45]. The 
main contribution to the scalar elastic scattering amplitude of a 
neutralino scattering on quarks comes from scalar Higgs boson 
t-channel exchange. The pseudo-scalar Higgs boson exchange is 
suppressed because of parity, whereas the heavy squark exchange 
as well as the heavy Higgs boson exchange are suppressed by their 
mass. So the scattering via the lightest H1 and the second light-
est Higgs boson H2 is dominant in the NMSSM. These diagrams 
have a negative interference, which can lead to very small cross 
sections, especially if the masses of H1 and H2 are similar. H1 and 
H2 depend both on the pseudo-scalar Higgs mass, which in turn is 
a function of Aλ at the low energy SUSY scale. The dependence of 
mA and mH1(2) on Aλ at the SUSY scale is shown in the top row of 
Fig. 4. One notices that mH1 can become zero for small and large 
values of Aλ and the spin-independent cross section becomes cor-
respondingly large, as shown in Fig. 4c. For Aλ values in between, 
the values of mH1 and mH2 become similar and σSI becomes small. 
The cross section can actually become zero for either a proton or a 
neutron, but this does not happen for equal regions of parameter 
space. Therefore, the average cross section stays ﬁnite in Fig. 4c. 
The horizontal dotted (red) line in Fig. 4c corresponds to the LUX 
limit, which excludes a wide range of Aλ . The allowed values of 
Aλ are exactly in the range of the quasi-ﬁxed point solutions of 
the RGEs, as shown in Fig. 4d.
3 Both possible Higgs scenarios are considered, i.e. either the lightest or the sec-
ond lightest Higgs is allowed to be the SM Higgs boson.3.2. Future prospects
Future searches are needed to probe the remaining allowed pa-
rameter space, since no SUSY or dark matter particles have been 
found so far. We show the prospects for discovery by extrapolating 
the current sensitivities for future direct dark matter experiments 
and LHC at 14 TeV. To determine the sensitivity for future di-
rect dark matter experiments we parameterize the limit given by 
XENON100 and extrapolate to the XENON1T limit, which is ex-
pected to reach a sensitivity two orders of magnitude better than 
XENON100 [41]. For the future prospects of an energy of 14 TeV 
at the LHC with an integrated luminosity of 3000 fb−1 we ex-
trapolate the current cross section limits of the SUSY searches at 
the LHC for squarks and gluinos, which exclude low SUSY masses 
and accordingly large cross sections. The hadronic searches are 
the most sensitive ones, so the 95% C.L. exclusion contours in the 
m0–m1/2 plane [36,37] determine the limits on the hadronic cross 
sections σtot(pp → g˜ g˜, ˜gq˜, ˜qq˜), which vary along the contour be-
cause of the varying eﬃciency. Using Wilks’s theorem one can 
show that the proﬁle likelihood ratio leads to a χ2-distribution 
for the hadronic cross section:
χ2 =
(
σ95 − σ0
error
)2
≈ a · σ 2tot =
aN2
2L2
, (5)
where N represents the total number of events with the corre-
sponding eﬃciency  and integrated luminosity L. The propor-
tionality factor a can be determined as a function of m0 by the 
requirement of a 95% C.L. exclusion on the contour line: χ2 =
5.99 = a · σ 2tot . To obtain the limit on the cross section at a higher 
luminosity L we scale the limit with 1/L2 and then check for each 
point in the m0 and m1/2 plane, where the limit is reached for 
14 TeV. This method was tested to work, if we extrapolate from 
the early low luminosity results at 7 TeV to the high luminos-
ity results at 8 TeV. The projected exclusion contour at 14 TeV 
is shown by the dotted (red) lines in the top right corners of 
Fig. 1. Clearly, the LHC running at 14 TeV will be sensitive to 
squarks and gluinos around 3.5 and 3.1 TeV, respectively. To com-
pare this sensitivity with the direct searches we repeat in Fig. 5
the plot from Fig. 3 and add as a dashed (dashed) line the ex-
pected limits from XENON1T. The regions above these contours are 
excluded. In addition, the light (blue) central area corresponds to 
the region, which will escape the sensitivity from LHC searches 
at 14 TeV. In the CMSSM the non-accessible region occurs only for 
large WIMP masses, since the LHC SUSY searches are only sensitive 
C. Beskidt et al. / Physics Letters B 738 (2014) 505–511 509Fig. 4. The Higgs masses mA (a) and mH1(2) (b) are plotted as a function of Aλ at the low energy SUSY scale. (c): Spin-independent WIMP–nucleon cross section for the 
combination of proton and neutron (solid (blue) line) plotted versus Aλ . The cross section has a minimum, if the masses of the two lightest Higgs bosons are similar, in 
which case both amplitudes are similar and almost perfectly cancel each other by the negative interference. (d): Running of Aλ from the GUT scale to low scales, leading to 
a quasi-ﬁxed-point solution consistent with the LUX limits, as shown in (c). Note that the range of mA values in (a) can be increased to higher values by e.g. higher values 
of μeff .
Fig. 5. Same optimized regions as in Fig. 3 for the CMSSM (a) and NMSSM (b) including expected sensitivities for future searches. The regions above the dashed (red) lines 
are sensitive to XENON1T. The light (blue) central regions will not be accessible to future LHC SUSY searches at 14 TeV and 3000 fb−1 (LHC14).to gluino masses up to 3.1 TeV (Fig. 1). This implies sensitivities to 
WIMPs around 600 GeV, since mg˜/mWIMP ≈ M3/M1 ≈ 5–6.75 in 
the CMSSM. If the LHC SUSY searches are combined with all con-
straints from Table 1 the lower limit increases up to 680 GeV, see 
Fig. 5a. In the NMSSM such a relation to the gluino mass for a 
singlino-like WIMP does not exist and light singlino-like WIMPs 
can only be probed eﬃciently by the direct dark matter searches. 
Light WIMPs, as claimed in Ref. [22], would only be allowed in the 
NMSSM and exclude the CMSSM. Searches for DM particles at the 
LHC in monojet events [46] and in searches for invisible decays of Higgs bosons [47] can currently cover WIMP–nucleon cross section 
down to 10−8 pb. However, the limits including the extrapolated 
sensitivities will still be above the limit reached by the direct dark 
matter searches, so we did not include these searches into the LHC 
searches.
4. Summary
In this Letter we compared the dark matter sector of the 
CMSSM and the NMSSM using GUT scale input parameters. Within 
the CMSSM the lightest neutralino is bino-like in a large region of 
510 C. Beskidt et al. / Physics Letters B 738 (2014) 505–511parameter space and has a mass proportional to m1/2. As shown 
in Fig. 3a the Higgs mass of 126 GeV allows all neutralino masses 
above the LEP limit of 55 GeV in the CMSSM, but if the Higgs 
mass constraint is combined with the relic density, only a rather 
narrow stripe is allowed. If all other constraints from Table 1 are 
included, only the tail of the stripe is allowed, which corresponds 
to neutralino masses above 360 GeV. The lightest neutralino in 
the NMSSM is typically singlino-like, see Fig. 2b. The Higgs self-
interactions are required to be large enough to have an annihila-
tion cross section consistent with the relic density, but this leads 
typically to a WIMP-nucleon cross section above the present exper-
imental limits (No. 10 in Table 1). However, this cross section has 
two main contributions, namely the t-channel exchange of the two 
lightest Higgs bosons. These interfere negatively, so if they are of 
the same order of magnitude, the WIMP-nucleon cross section can 
become small, as shown in Fig. 4c. The allowed mass range for the 
neutralino within the NMSSM covers the region from 30 GeV up-
wards. This range is only mildly dependent on the Higgs mass con-
straint of 126 GeV and all other constraints, as shown in Figs. 3b 
and 5b. The LHC SUSY searches at 14 TeV will be able to access 
the multi-TeV range of squarks and gluinos and consequently will 
be sensitive to WIMP masses up to 680 GeV in the CMSSM if 
the searches are combined with all other constraints in Table 1
as shown by the light (blue) central region in Fig. 5a. However, 
these searches hardly limit the singlino-like WIMP masses in the 
NMSSM, as shown by the light (blue) central region in Fig. 5b. For 
both models the spin independent cross section down to 10−11 pb
will be probed by future direct DM searches, as shown in Fig. 5.
Acknowledgements
Support from the Heisenberg–Landau program and the
Deutsche Forschungsgemeinschaft (DFG) via a Mercator Profes-
sorship (Grant 42/577-1-560249 for Prof. Kazakov) is warmly ac-
knowledged. We thank U. Ellwanger for helpful discussions regard-
ing NMSSMTools.
References
[1] S.P. Martin, A supersymmetry primer, in: G. Kane (Ed.), Perspectives on Super-
symmetry II, 1997, arXiv:hep-ph/9709356.
[2] H.E. Haber, G.L. Kane, The search for supersymmetry: probing physics beyond 
the standard model, Phys. Rep. 117 (1985) 75–263.
[3] W. de Boer, Grand uniﬁed theories and supersymmetry in particle physics and 
cosmology, Prog. Part. Nucl. Phys. 33 (1994) 201–302, arXiv:hep-ph/9402266.
[4] ATLAS Collaboration, Observation of a new particle in the search for the Stan-
dard Model Higgs boson with the ATLAS detector at the LHC, Phys. Lett. B 716 
(2012) 1–29, arXiv:1207.7214.
[5] CMS Collaboration, Observation of a new boson at a mass of 125 GeV with the 
CMS experiment at the LHC, Phys. Lett. B 716 (2012) 30–61, arXiv:1207.7235.
[6] G.L. Kane, C.F. Kolda, L. Roszkowski, et al., Study of constrained minimal super-
symmetry, Phys. Rev. D 49 (1994) 6173–6210, arXiv:hep-ph/9312272.
[7] C. Beskidt, W. de Boer, D. Kazakov, et al., Constraints on supersymmetry from 
LHC data on SUSY searches and Higgs bosons combined with cosmology and 
direct dark matter searches, Eur. Phys. J. C 72 (2012) 2166, arXiv:1207.3185.
[8] O. Buchmueller, R. Cavanaugh, A. De Roeck, et al., The CMSSM and NUHM1 
after LHC run 1, arXiv:1312.5250.
[9] A. Fowlie, M. Kazana, K. Kowalska, et al., The CMSSM favoring new territories: 
the impact of new LHC limits and a 125 GeV Higgs, Phys. Rev. D 86 (2012) 
075010, arXiv:1206.0264.
[10] P. Bechtle, K. Desch, H.K. Dreiner, et al., Constrained supersymmetry after the 
Higgs boson discovery: a global analysis with Fittino, in: PoS EPS-HEP2013, 
2013, p. 313, arXiv:1310.3045.
[11] U. Ellwanger, C. Hugonie, A.M. Teixeira, The next-to-minimal supersymmetric 
standard model, Phys. Rep. 496 (2010) 1–77, arXiv:0910.1785.
[12] S.F. King, M. Mühlleitner, R. Nevzorov, et al., Natural NMSSM Higgs bosons, 
Nucl. Phys. B 870 (2013) 323–352, arXiv:1211.5074.
[13] J.-J. Cao, Z.-X. Heng, J.M. Yang, et al., A SM-like Higgs near 125 GeV in low 
energy SUSY: a comparative study for MSSM and NMSSM, J. High Energy Phys. 
1203 (2012) 086, arXiv:1202.5821.[14] G. Belanger, U. Ellwanger, J.F. Gunion, et al., Higgs bosons at 98 and 125 GeV 
at LEP and the LHC, J. High Energy Phys. 1301 (2013) 069, arXiv:1210.1976.
[15] U. Ellwanger, C. Hugonie, Higgs bosons near 125 GeV in the NMSSM with con-
straints at the GUT scale, Adv. High Energy Phys. 2012 (2012) 625389, arXiv:
1203.5048.
[16] S. King, M. Mühlleitner, R. Nevzorov, NMSSM Higgs benchmarks near 125 GeV, 
Nucl. Phys. B 860 (2012) 207–244, arXiv:1201.2671.
[17] D.A. Vasquez, G. Belanger, C. Boehm, et al., The 125 GeV Higgs in the NMSSM 
in light of LHC results and astrophysics constraints, Phys. Rev. D 86 (2012) 
035023, arXiv:1203.3446.
[18] C. Beskidt, W. de Boer, D. Kazakov, A comparison of the Higgs sectors of the 
CMSSM and NMSSM for a 126 GeV Higgs boson, Phys. Lett. B 726 (2013) 
758–766, arXiv:1308.1333.
[19] M. Badziak, M. Olechowski, S. Pokorski, New regions in the NMSSM with a 
125 GeV Higgs, J. High Energy Phys. 1306 (2013) 043, arXiv:1304.5437.
[20] BayesFITS Group Collaboration, Constrained next-to-minimal supersymmetric 
standard model with a 126 GeV Higgs boson: a global analysis, Phys. Rev. D 
87 (11) (2013) 115010, arXiv:1211.1693.
[21] G. Jungman, M. Kamionkowski, K. Griest, Supersymmetric dark matter, Phys. 
Rep. 267 (1996) 195–373, arXiv:hep-ph/9506380.
[22] T. Daylan, D.P. Finkbeiner, D. Hooper, et al., The characterization of the gamma-
ray signal from the Central Milky Way: a compelling case for annihilating dark 
matter, arXiv:1402.6703.
[23] F. Staub, W. Porod, B. Herrmann, The electroweak sector of the NMSSM at the 
one-loop level, J. High Energy Phys. 1010 (2010) 040, arXiv:1007.4049.
[24] D. Das, U. Ellwanger, A.M. Teixeira, NMSDECAY: a Fortran code for supersym-
metric particle decays in the next-to-minimal supersymmetric standard model, 
Comput. Phys. Commun. 183 (2012) 774–779, arXiv:1106.5633.
[25] G. Belanger, F. Boudjema, A. Pukhov, et al., micrOMEGAs_3: a program for 
calculating dark matter observables, Comput. Phys. Commun. 185 (2014) 
960–985, arXiv:1305.0237.
[26] C. Beskidt, W. de Boer, D. Kazakov, et al., Constraints from the decay B0s →
μ+μ− and LHC limits on supersymmetry, Phys. Lett. B 705 (2011) 493–497, 
arXiv:1109.6775.
[27] C. Beskidt, et al., Constraints on supersymmetry from relic density compared 
with future Higgs searches at the LHC, Phys. Lett. B 695 (2011) 143–148, 
arXiv:1008.2150.
[28] Heavy Flavour Group, http://www.slac.stanford.edu/xorg/hfag/rare/ichep10/
radll/OUTPUT/TABLES/radll.pdf, updated August 2010.
[29] Muon G-2 Collaboration, Final report of the muon E821 anomalous magnetic 
moment measurement at BNL, Phys. Rev. D 73 (2006) 072003, arXiv:hep-ex/
0602035.
[30] LHCb Collaboration, Measurement of the B0s → μ+μ− branching fraction and 
search for B0 → μ+μ− decays at the LHCb experiment, Phys. Rev. Lett. 111 
(2013) 101805, arXiv:1307.5024.
[31] CMS Collaboration, Measurement of the B0s → μ+μ− branching fraction and 
search for B0 → μ+μ− with the CMS Experiment, Phys. Rev. Lett. 111 (2013) 
101804, arXiv:1307.5025.
[32] CMS Collaboration, Search for neutral Higgs bosons decaying to tau pairs in pp 
collisions at 
√
s = 7 TeV, Phys. Lett. B 713 (2012) 68–90, arXiv:1202.4083.
[33] ATLAS Collaboration, Search for neutral MSSM Higgs bosons decaying to τ+
τ− pairs in proton–proton collisions at 
√
s = 7 TeV with the ATLAS detector, 
Phys. Lett. B 705 (2011) 174–192, arXiv:1107.5003.
[34] LEP Working Group for Higgs boson searches, ALEPH, DELPHI, L3, OPAL Collab-
orations, Search for the standard model Higgs boson at LEP, Phys. Lett. B 565 
(2003) 61–75, arXiv:hep-ex/0306033.
[35] Planck Collaboration, Planck 2013 results. XVI. Cosmological parameters, 
arXiv:1303.5076.
[36] Search for squarks and gluinos with the ATLAS detector in ﬁnal states with 
jets and missing transverse momentum and 20.3 fb−1 of 
√
s = 8 TeV proton–
proton collision data, Technical Report ATLAS-CONF-2013-047, CERN, Geneva, 
May 2013.
[37] Search for strong production of supersymmetric particles in ﬁnal states with 
missing transverse momentum and at least three b-jets using 20.1 fb−1 of 
pp collisions at 
√
s = 8 TeV with the ATLAS detector, Technical Report ATLAS-
CONF-2013-061, CERN, Geneva, Jun 2013.
[38] LUX Collaboration, First results from the LUX dark matter experiment at the 
Sanford Underground Research Facility, Phys. Rev. Lett. 112 (2014) 091303, 
arXiv:1310.8214.
[39] OPAL Collaboration, Search for chargino and neutralino production at 
√
s =
192–209 GeV at LEP, Eur. Phys. J. C 35 (2004) 1–20, arXiv:hep-ex/0401026.
[40] V.Y. Kozlov, EDELWEISS Collaboration, Recent status of the dark matter search 
with Edelweiss, arXiv:1305.2808.
[41] XENON100 Collaboration, Dark matter results from 225 live days of XENON100 
data, Phys. Rev. Lett. 109 (2012) 181301, arXiv:1207.5988.
[42] CDMS-II Collaboration, Dark matter search results from the CDMS II experi-
ment, Science 327 (2010) 1619–1621, arXiv:0912.3592.
[43] G. Angloher, M. Bauer, I. Bavykina, et al., Results from 730 kg days of the 
CRESST-II dark matter search, Eur. Phys. J. C 72 (2012) 1971, arXiv:1109.0702.
C. Beskidt et al. / Physics Letters B 738 (2014) 505–511 511[44] DAMA, LIBRA Collaboration, New results from DAMA/LIBRA, Eur. Phys. J. C 67 
(2010) 39–49, arXiv:1002.1028.
[45] CoGeNT Collaboration, CoGeNT: a search for low-mass dark matter using 
p-type point contact germanium detectors, Phys. Rev. D 88 (2013) 012002, 
arXiv:1208.5737.[46] CMS Collaboration, Search for new physics in monojet events in pp colli-
sions at 
√
s = 8 TeV, Technical Report CMS-PAS-EXO-12-048, CERN, Geneva, 
2013.
[47] CMS Collaboration, Search for invisible decays of Higgs bosons in the vector 
boson fusion and associated ZH production modes, arXiv:1404.1344.
